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Figure S1. Twist1 phosphorylation is dependent on activated Akt1/Akt2 and promotes 
cell motility 
A, The genetic background of Akt1/Akt2-dKO cells established and published by Morris J. 
Birnbaum’s laboratory (University of Pennsylvania, the USA) was confirmed by genotyping 
(GT). The GAPDH gene was used as an internal control. B, Wild-type Twist1 was introduced 
into wild-type MEFs and Akt1/Akt2-dKO MEFs by retroviral infection. Individual Akt isoforms 
and Akt phosphorylated at both S473 and T308, and the expression and phosphorylation of 
Twist1 on S42 were investigated by immunoblotting. C, Twist1-expressing MEFs and 
Akt1/Akt2-dKO MEFs were cultured in serum-depleted medium for 16 h and subsequently 
stimulated by adding 10 μM insulin for 30 min. Phosphorylation of Akt and Twist1 were 
analyzed by immunoblotting. Total cell lysates were prepared by adding the sampling buffer 
of SDS-PAGE. D, Twist1 and its variants were stably expressed in MDCK cells and the 
indicated epithelial and mesenchymal markers were analyzed by western blotting. E, 
Morphological changes of MDCK cells expressing Twist1 and its variants. F, Wound healing 
assay of MDCK cells expressing Twist1 and its variants. 
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Figure S2.  Twist1 is phosphorylated in invasive human breast cancer cell lines and 
tumors. 
A-B,Two mouse metastatic breast cancer cell lines (4T1 and 168FARN) and several human 
breast cancer cell lines with different metastatic potential were used to investigate the status 
of Twist1 phosphorylation. Cells were cultured in standard DMEM containing 10% FBS, lysed 
in sample buffer and probed for pTwist1. Phosphorylated Twist1 was detected in invasive 
4T1 cells by western blotting and immunofluorescence staining. Nuclear localization of 
pTwist1 and total Twist1 in 4T1 cells were detected by immunofluorescence staining. MCF-7 
cells that do not express Twist1 were used as control for total Twist1. Although its expression 
has been frequently detected, endogenous Twist1 was not phosphorylated in HeLa cells. C, 
Twist1 phosphorylation in metastatic breast cancer cell lines MDA-MB-231, MDA-MB-468 
and MDA-MB-435 could be stimulated by activation of EGFR pathway. Cells were serum-
starved overnight and incubated with EGF (100 ng/ml) and lyzed at different time points and 
crude lysate was subjected to immunoblotting analysis of Twist1 expression and 
phosphorylation. The untransformed cell line MDCK and non-metastatic breast cancer cell 
lines MCF-7 and BT-20 were used as controls. D, Analysis of Twist1 mRNA level after EGF 
stimulation in non-metastatic breast cancer cell lines MCF-7 and BT-20.Twist expressing 
metastatic cell lines MDA-MB-435 and BT-474 were used as controls. E, Western blotting 
analysis of Twist1 and Akt phosphorylation in HER2-high breast cancer cell lines treated with 
EGF at indicated time points.  
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Figure S3. Phosphorylation of Twist1 promotes breast cancer metastasis in vivo. 
A, The size of primary tumors, body weight and the weight of the lung and the kidney tissues 
were monitored. Tumors were measured weekly with calipers. Each group represents the 
average of 6 mice. B, Immunohistochemical Staining of Lung Metastases. Serial sections of 
lung tissue were stained for Ki67, mammaglobin and H&E. Statistic analysis of 
mammaglobin-positive cells in individual serial sections of lungs. Bar represent means ±SEM 
of samples measured in triplicate. C, The gene encoding the Neomycin-cleaving enzyme in 
plasmid constructs was examined in lungs by PCR. The GAPDH gene was used as an 
internal control. D, Immunohistochemical staining of the invasive marker Tenascin C in 
primary tumors and lung tissues dissected from BALB/c mice injected with Twist1 and its 
variants. 
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Figure S4. Validation of potential phospho-Twist1 targeting genes. 
A, Quantitative PCR analysis of indicated genes that are potentially regulated by 
phosphorylated Twist1. The ratio of relative fold-change of mRNA (1: 4T1, 2: 
4T1_Tw1KD/Mock, 3: 4T1_Tw1KD/Twist1, 4:  4T1_Tw1KD/Twist1/S42A, 5: 
4T1_Tw1KD/Twist1/S42D) is shown after normalization to β-actin mRNA. Values and 
standard deviation for each group were calculated from triplicates samples. B, mRNA 
expression of the candidate genes. C, Primer sequences used for 16 tested genes by qRT-
PCR. 
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Figure S5.  
A, four mouse breast cancer cell lines isolated from the same BALB/c tumor with distinct 
metastatic potential were examined for expression and phosphorylation of Smad2, Twist1 
and Akt. B, tgfβ2 was knocked down by shRNA in 4T1 cells. mRNA expression of TGFβ2 
and TGFβRII were validated by qPCR. Increased E-cadherin and unchanged TGFβRII 
expression was shown by western blot. C, qRT-PCR analysis of tgfβ1 and tgfβ3 in 4T1 cells 
with tgfβ2 knockdown 
11 
 
 
Figure S6. Heatmap of 68 genes that are potentially regulated by pTwist1. 
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Figure S7. MDA-MB-231 xenograft tumor was stained for phosphor-Twist1. 
Figure S8. Staining of phospho-Twist1 and vimentin in the lung tissue of MDA-MB-231-
injected mice (arrows indicate positive cells). 
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Supplementary Table 1. Twist1 overexpression in human cancers (22 different human 
cancer types have been reported to overexpress Twist1 in pubmed) 
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